Introduction {#sec1}
============

Peripheral arterial occlusive disease (PAOD) is associated with high mortality and morbidity rates, especially in the elderly population. Due to the high economic, social and health burden of PAOD, early and accurate diagnosis is required for both general and high-risk populations \[[@cit0001]\]. The late diagnosis of PAOD may lead to rapid progression and development of critical limb ischemia, which is an entity with high mortality and limb amputation risk. Although modern treatment options and strategies for PAOD have improved in recent years, the rates of cardiovascular mortality and morbidity such as limb amputation still remain high \[[@cit0002]\].

Inflammation and increased platelet activation play a crucial role in the initiation and the progression of the complex atherosclerotic process that is the main underlying pathophysiologic mechanism of PAOD \[[@cit0003]\]. The pathophysiological role of inflammation in cardiovascular diseases (CVD) has been investigated with some recent studies, and a significant relation between various inflammatory markers and CVD has been reported \[[@cit0004], [@cit0005]\]. Severe chronic inflammation leads to increased proliferation in megakaryocytic series and relative thrombocytosis. Recent studies reported an important relation between high circulating platelet count and major adverse cardiovascular events in patients with or without known coronary artery disease history \[[@cit0006], [@cit0007]\]. Lymphocyte count decreases due to severe apoptosis in cases of chronic severe sustained inflammation. Moreover, a decreased lymphocyte count has been reported to be associated with major adverse cardiovascular outcomes in patients with coronary artery disease and chronic heart failure \[[@cit0008], [@cit0009]\]. The platelet-lymphocyte ratio (PLR), which is defined as the ratio of the platelet to lymphocyte count obtained from the same blood sample, has recently been demonstrated as a new inflammatory marker and significant independent predictor of major adverse cardiovascular events in various cardiovascular diseases including acute myocardial infarction. A high PLR was also demonstrated to be associated with poor prognosis in various cancers \[[@cit0010], [@cit0011]\]. Gary *et al.* reported that high PLR was significantly related to high risk for critical limb ischemia and other cardiovascular endpoints in PAOD \[[@cit0012]\]. In addition, they demonstrated a significant correlation between PLR and some inflammatory markers such as C-reactive protein and fibrinogen.

Aim {#sec2}
===

Since there is no information in the literature concerning the relationship between PLR and long-term cardiovascular mortality both in patients with intermittent claudication and those with critical limb ischemia, we aimed to investigate this relation in the present study.

Material and methods {#sec3}
====================

Study design and patient selection {#sec3.1}
----------------------------------

Six hundred two consecutive patients, who were admitted to inpatient clinic of the vascular department of a large tertiary training and research hospital with diagnosis of symptomatic PAOD between May 2009 and September 2013, were included in this retrospective study. The PAOD was defined as \> 50% stenosis in the symptomatic lower limb, which was assessed by clinical evaluation and confirmed by lower limb angiography performed according to current state-of-the-art protocols and guidelines. Symptomatic PAOD was also defined as intermittent claudication or critical limb ischemia, which included rest pain, ulceration and gangrene \[[@cit0013]\]. The categorization of PAOD was done according to the Fontaine classification. Patients were divided into two groups according to their PLR as follows: high PLR (PLR \> 142) and low PLR (PLR ≤ 142) groups.

The exclusion criteria of the present study were as follows: patients with a history of surgical lower limb amputation as a consequence of PAOD, previous surgical or endovascular lower limb revascularization, acute infections unrelated to PAOD, recent (\< 3 months) coronary or peripheral revascularization, recent (\< 3 months) acute coronary syndrome or stroke, decompensated heart failure, malignancy, hepatic disease, history of autoimmune disease, chronic inflammatory disease and leukocyte count above the reference limit (≥ 12 × 10^9^/l).

Demographic information including cardiovascular risk factors, comorbidities, physical examination and interventional (vascular surgery, angioplasty, stenting) data were recorded by systematic review of patients' hospital files. Also, the results of complete series of routine laboratory investigations including complete blood cell count and levels of 12 h overnight fasting low-density lipoprotein (LDL), high-density lipoprotein (HDL), total cholesterol and triglyceride were recorded. On admission, venous blood samples were obtained from all the patients and white blood cells count (WBC), platelets, and lymphocyte counts were measured as part of the automated complete blood count using a Coulter LH 780 Hematology Analyzer (Beckman Coulter Ireland INC, Mervue, Galway, Ireland). The PLR was calculated as the ratio of the platelets to lymphocytes, both obtained from the same automated blood sample at admission to the present study.

Firstly, the study population was divided into three groups based on their admission PLR in order to determine the association of PLR with mortality and morbidity in patients with PAOD as follows: high (PLR \> 142), intermediate (PLR (95--142) and low (PLR \< 95) ([Figure 1](#f0001){ref-type="fig"}). Because of the non-significant relation between intermediate and low PLR groups in terms of cardiovascular mortality in a Kaplan-Meier survival plot, the intermediate and low PLR groups were combined. The final patient categories were the high PLR group (PLR \> 142) and low PLR group (NLR ≤ 142).

![Kaplan-Meier curve for long-term survival according to platelet-to-lymphocyte ratio (PLR) groups. Cumulative event-free survival was defined as freedom from death](PWKI-13-29539-g001){#f0001}

Definitions {#sec3.2}
-----------

Hypertension was diagnosed if systolic arterial pressure exceeded 140 mm Hg and/or diastolic arterial pressure exceeded 90 mm Hg, or if the patient used antihypertensive drugs \[[@cit0014]\]. Diabetes mellitus was defined as a previous history of the disease, use of diet, insulin or oral antidiabetic drugs, or a fasting venous blood glucose level ≥ 126 mg/dl on 2 occasions in previously untreated patients \[[@cit0015]\]. Hyperlipidemia was defined as fasting total serum cholesterol \> 200 mg/dl, LDL cholesterol \> 130 mg/dl, or serum triglycerides \> 180 mg/dl or if the patient used lipid-lowering drugs because of a history of hypercholesterolemia \[[@cit0016]\]. Glomerular filtration rate (GFR) for each patient was calculated using the measured plasma creatinine levels and the Cockcroft-Gault formula for the estimation of renal function \[[@cit0017]\]. The height and weight of the study participants were measured, and body mass index (BMI) was calculated as body weight in kilograms divided by the square of the height in meters (kg/m^2^). Smokers included current and former smokers.

Study endpoints {#sec3.3}
---------------

Follow-up data of the patients were obtained from hospital records or by telephone interview with patients, their relatives or their family physicians. The main clinical end point of the present study was cardiovascular mortality. Cardiovascular death was defined as unexplained sudden death, death due to myocardial infarction (MI), decompensated heart failure or hemodynamically significant arrhythmia.

Written informed consent was obtained from all the participants and the study was approved by the local ethics committee and institutional review board. The study protocol complied with the Declaration of Helsinki.

Statistical analysis {#sec3.4}
--------------------

Continuous, normally distributed variables were expressed as mean ± SD and non-normally distributed variables as median (interquartile range). Categorical variables were expressed as frequencies and/or percentages. The Kolmogorov-Smirnov test was used to evaluate whether the continuous variables were normally distributed. Student's *t-*test was used for the comparison of normally distributed continuous numerical variables, the Mann-Whitney *U*-test was used for non-normally distributed numerical variables, and the χ^2^ test was used for comparing categorical variables between the two groups. Any correlation between data was tested by Spearman or Pearson correlation analysis. Univariate and backward stepwise multivariate Cox regression analyses, which included variables with a *p*-value less than 0.1, were performed to identify independent predictors of cardiovascular mortality. Survival analysis was conducted using Kaplan-Meier survival curves, and differences were compared using the log-rank test. A two-sided *p*-value was considered for all comparisons. Statistical significance was defined as *p* \< 0.05. Statistical analyses were carried out using the Statistical Package for Social Sciences for Windows 17.0 (SPSS Inc., Chicago, Illinois, USA).

Results {#sec4}
=======

We recruited 713 patients who presented with symptomatic PAOD during the study period. One hundred and eleven (15.5%) patients had to be excluded due to missing data about platelet and/or lymphocyte counts or follow-up results. Therefore, the final study population consisted of 602 (median age: 64 years; IQR: 56--70, 78.7% male) patients. The composition of the study groups was as follows: 190 patients in the high PLR group (NLR \> 142) and 412 patients in low PLR group (PLR ≤ 142). Baseline demographic and clinical characteristics of the patients according to PLR groups are presented in [Table I](#t0001){ref-type="table"}. The high PLR group was significantly older (*p* \< 0.001) and had a higher frequency of critical limb ischemia and renal failure (*p* \< 0.001 and *p* = 0.001 respectively) than the low PLR group. However, the incidence of intermittent claudication in the low PLR group was higher than the high PLR group (*p* \< 0.001). There was no difference between two groups in terms of other demographic and clinical characteristics ([Table I](#t0001){ref-type="table"}). Furthermore, the distribution of patients according to severity of critical limb ischemia (CLI) was as follows: rest pain (Fontaine stage 3, Rutherford stage 4) 59%; ischemic ulceration (Fontaine stage 4, Rutherford stage 5) 31.8%; gangrene (Fontaine stage 4, Rutherford stage 6) 9%.

###### 

Baseline demographic and clinical characteristics of the study groups according to PLR

  Variable                                  PLR ≤ 142 (*n* = 412)   PLR \> 142 (*n* = 190)   *P*-value
  ----------------------------------------- ----------------------- ------------------------ -----------
  Age, median (IQR) \[years\]               62 (55--69)             68 (55--73)              **0.001**
  Body mass index, median (IQR) \[kg/m²\]   27.4 (25.0--29.7)       27.4 (23.9--30.1)        0.603
  Male gender, *n* (%)                      332 (80.6)              142 (74.7)               0.103
  Diabetes mellitus, *n* (%)                167 (41.6)              81 (43.5)                0.664
  Hypertension, *n* (%)                     232 (61.2)              123 (67.2)               0.167
  Hypercholesterolemia, *n* (%)             233 (62.3)              102 (55.7)               0.137
  Smokers, *n* (%)                          219 (56.6)              108 (58.7)               0.634
  Renal failure, *n* (%)                    68 (16.6)               53 (28.2)                **0.001**
  Coronary artery disease, *n* (%)          203 (49.3)              89 (46.8)                0.579
  Previous myocardial infarction, *n* (%)   76 (18.4)               38 (20)                  0.651
  Previous stroke, *n* (%)                  12 (2.9)                9 (4.7)                  0.257
  Symptoms, *n* (%):                                                                         
   Intermittent claudication                354 (85.9)              138 (72.6)               **0.001**
   Critical limb ischemia                   58 (14.1)               52 (27.4)                
  Peripheral procedure, *n* (%):                                                             
   Vascular surgery                         60 (14.6)               41 (21.6)                0.096
   Angioplasty/stenting                     147 (35.7)              60 (31.6)                
   Conservative/palliative                  205 (49.8)              89 (46.8)                
  Medications, *n* (%):                                                                      
   Acetylsalicylic acid                     313 (79.2)              150 (81.1)               0.607
   Clopidogrel                              130 (33.6)              60 (32.4)                0.783
   Statin                                   145 (39.1)              64 (35.4)                0.397

PLR -- platelet-to-lymphocyte ratio.

White blood cells counts {#sec4.1}
------------------------

The median total leukocyte count was 8.6 × 10^9^/l (IQR: 7.3--9.9), consisting of median counts of 5.2 × 10^9^/l for neutrophils (IQR: 4.4--6.4), 2.2 × 10^9^/l for lymphocytes (IQR: 1.6--2.7), 257 × 10^3^/l for platelets (IQR: 208--304). There was no difference between two groups in terms of WBC count ((high PLR group; median: 8.1 (IQR: 6.7--10.2) vs. (low PLR group; median: 8.7 (IQR: 7.5--9.8) × 10^9^/l, *p* = 0.168)). Baseline neutrophil and platelet values were higher in the high PLR group (median: 5.7 (IQR: 4.6--7.4) vs. median: 5.1 (IQR: 4.3--96.1) × 10^9^/l, *p* \< 0.001; median: 304 (IQR: 244--382) vs. median: 236 (IQR: 198--281) × 10^3^/l, *p* \< 0.001, respectively) than the low PLR group. However, baseline lymphocyte values were lower in the high PLR group (median: 1.6 (IQR: 1.2--1.9) vs. median: 2.4 (IQR: 2.0--3.0) × 10^9^/l, *p* \< 0.001). The PLR showed a poor but significant correlation with the Fontaine stage of PAOD (*r* = 0.167, *p* \< 0.001).

During the course of the present study (median follow-up period of 33.8 months (IQR: 21--45)), 131 deaths occurred out of 602 (21.8%) patients. The distribution of causes of cardiovascular mortality were as follows: 67 patients with acute myocardial infarction, 36 patients with decompensated heart failure, 12 patients with unexplained sudden death and 16 patients with hemodynamically significant arrhythmia. Cardiovascular mortality was found to be significantly higher in the high PLR group (*n* = 60) compared to the low PLR group (*n* = 71) (31.6% vs. 17.2%; *p* \< 0.001). The Kaplan-Meier survival plot for cardiovascular mortality in both groups is presented in [Figure 2](#f0002){ref-type="fig"}.

![Kaplan-Meier curve for long-term survival according to platelet-to-lymphocyte ratio (PLR) with a cutoff of 142.0. Cumulative event-free survival was defined as freedom from death](PWKI-13-29539-g002){#f0002}

The independent predictors for cardiovascular mortality including age, gender, hypertension, smoking status, previous stroke history, hyperlipidemia, diabetes mellitus, coronary artery disease, renal failure, Fontaine category, preprocedural PLR tertiles and use of statin were included in a Cox regression model and analyzed in a stepwise fashion. The PLR \> 142 and age were found to be independent predictors of cardiovascular mortality after adjustment for other risk factors such as renal failure, hypertension and Fontaine category, which had been found to be significant predictors of mortality in unadjusted analysis (hazard ratios (95% confidence interval): 1.03 (1.01--1.04) and 1.04 (1.02--1.06), *p* \< 0.001 and *p* \< 0.001 respectively; [Table II](#t0002){ref-type="table"}).

###### 

Cox regression analysis for predictors of long-term cardiovascular mortality

  Parameter                 Unadjusted          Adjusted                       
  ------------------------- ------------------- ---------- ------------------- -----------
  Age                       1.06 (1.04--1.08)   0.001      1.04 (1.02--1.06)   **0.001**
  Sex                       0.91 (0.61--1.38)   0.673                          
  Hypertension              1.37 (0.94--1.96)   0.098      1.25 (0.85--1.82)   0.258
  Smoking status            1.00 (0.71--1.43)   0.987                          
  Previous stroke           0.23 (0.03--15.6)   0.129                          
  Hypercholesterolemia      0.79 (0.56--1.11)   0.174                          
  Diabetes mellitus         1.17 (0.83--1.66)   0.375                          
  Coronary artery disease   0.83 (0.57--1.17)   0.296                          
  Renal failure             2.07 (1.44--2.98)   0.001      1.43 (0.97--2.12)   **0.070**
  Fontaine category         1.79 (1.22--2.62)   0.003      1.46 (0.97--2.18)   **0.067**
  PLR \> 142                1.04 (1.03--1.05)   0.001      1.03 (1.01--1.04)   **0.001**
  Statin use                1.10 (0.77--1.57)   0.615                          

PLR -- platelet-to-lymphocyte ratio.

Discussion {#sec5}
==========

The main findings of the present study were: (1) patients in the high PLR group were older and had higher prevalence of critical limb ischemia than the low PLR group; (2) PLR showed a poor but significant correlation with the severity of PAOD defined as Fontaine stage; (3) age and high PLR were demonstrated to be independent predictors of long-term cardiovascular mortality after adjustment for other risk factors in patients with PAOD.

The PLR, which is defined as the ratio of the platelet to lymphocyte count, integrates the risk predictor effect of two parameters into a single risk factor. It reflects increased inflammation, platelet activation and aggregation. Hence, PLR may be acceptable as a more valuable indicator than either platelet or lymphocyte count alone in the prediction of peripheral atherosclerotic burden. Previous clinical studies demonstrated a significant relation of increased PLR and major adverse outcomes in various cardiovascular diseases \[[@cit0018], [@cit0019]\]. It was also reported that raised PLR was associated with severity and complexity of coronary artery disease \[[@cit0020]\], coronary slow flow \[[@cit0021]\], no-reflow after primary percutaneous coronary intervention \[[@cit0022], [@cit0023]\], poor coronary collateral development \[[@cit0024], [@cit0025]\], and non-dipper hypertension \[[@cit0026]\]. Moreover, Azab *et al.* demonstrated high PLR as a significant independent predictor of long-term mortality in non-ST segment elevation myocardial infarction \[[@cit0027]\]. A strong positive relation between increased PLR and in-hospital mortality was also reported by Temiz *et al.* \[[@cit0028]\]. Gary *et al.* demonstrated a significant association of high PLR with high risk for critical limb ischemia and other cardiovascular end points in patients with PAOD \[[@cit0029]\]. They were able to report that PLR \> 150 can be used to discriminate patients at high risk for CLI from those with a low CLI risk. The predictive role of PLR for limb salvage in patients with CLI was also confirmed by the study of Tașoğlu *et al.* \[[@cit0030]\]. The CLI patients with high risk for limb amputation during long-term follow-up were differentiated from patients with lower risk for limb amputation by PLR.

To the best of our knowledge, this is the first study which has demonstrated a significant independent association between high PLR and long-term cardiovascular mortality in both patients presenting with intermittent claudication and those with critical limb ischemia. The possible theory for this finding may be that increased blood viscosity due to higher platelet count leads to higher PLR. Severe inflammation, which is seen in atherosclerosis such as PAOD, increases platelet activation and aggregation and results in a higher platelet count. A low lymphocyte count was also detected in chronic severe inflammatory states due to severe apoptosis. Moreover, a poor but significant relation was demonstrated between higher PLR and severity of PAOD defined as Fontaine stage. Higher PLR was also presented to be correlated with other inflammatory markers such as C-reactive protein (CRP) concordant with the study of Gary *et al*. These findings support an important link between increased inflammation, triggered platelet activity and aggregation, lymphocyte suppression by apoptosis and severity of atherosclerosis such as PAOD.

Platelets play a pivotal role in the initiation and the progression of atherosclerosis by interacting with endothelial cells and leukocytes and releasing inflammatory mediators, cytokines, which leads to increased adhesion and transmigration of monocytes, and may support inflammation in the vessel wall. Severe inflammation stimulates megakaryocytic proliferation and produces relative thrombocytosis. It may be speculated that higher platelet count, which is a marker of a prothrombotic state, may represent higher propensity to form platelet-rich arterial thrombi on atherosclerotic plaques in the coronary and/or peripheral arterial tree, leading to major adverse cardiovascular events such as mortality. Moreover, not only platelets but also microparticles derived from platelets have procoagulant activity enabling platelets take a central role in hemostasis and thrombosis. They were also reported to be related to formation and progression of arterial thrombi following injury of the vessel structure, leading to impaired functions \[[@cit0031]\]. High PLR might enhance microparticle production, triggering hemostasis and resulting in increased vascular end points such as CLI and long-term cardiovascular mortality. Lymphocyte count, which is the second constituent of the PLR, plays an important role in the course of atherosclerosis. High lymphocyte count was demonstrated in the limb salvage group by the study of Iso *et al.* \[[@cit0032]\]. The possible mechanism of this finding may be the mediation of collateral vessel growth via interleukin-16 by lymphocytes. This might also be an explanation for our findings. Patients with a high lymphocyte count, which leads to lower PLR, might have more collateral vessel growth, resulting in less ischemia and hence less CLI and long-term cardiovascular mortality.

The high PLR group was significantly older than the patients in the low PLR group, concordant with another recent study conducted in this setting \[[@cit0030]\]. Age was found to be a significant independent predictor of long-term cardiovascular mortality in patients with PAOD. Furthermore, a relation between high PLR and long-term cardiovascular mortality remained significant even after adjustment for age in our study.

The superiority and advantages of PLR to either individual lymphocyte or platelet count can be explained by two factors. The first is the stability of PLR compared to the absolute platelet or lymphocyte count, which could be altered by several physiological and pathological conditions. Second, PLR represents two inversely associated predictors which play roles in atherosclerosis and immune pathways. We hypothesize that high PLR is an important marker of an ongoing destructive inflammatory response and the pro-thrombotic state, which are two crucial pathophysiological mechanisms for PAOD.

Study limitations {#sec5.1}
-----------------

There are some limitations in the present study. First, this study had a retrospective design and arose from a single center, which can lead to selection bias. Second, because of single measurement of PLR on admission, the changes in response to treatment cannot be evaluated. Third, the end point of the study was limited only with cardiovascular mortality. The lack of measurements of well-known atherosclerosis indicators such as ankle brachial index, ultrasonographic and angiographic indexes of the extent of PAOD and inflammatory markers such as CRP in patients with PAOD was the last limitation of this study.

Conclusions {#sec6}
===========

We demonstrated that high PLR was associated with higher long-term cardiovascular mortality in patients with PAOD, who were admitted for critical limb ischemia or intermittent claudication. Age and PLR \> 142 were found to be independent significant predictors for long-term cardiovascular mortality in PAOD even after adjustment for various risk factors. The PLR, which is one of the parameters of routine complete blood count and reflects increased inflammatory status and platelet activation and aggregation, is a cheap and readily available marker that has an ability to improve risk stratification provided by conventional risk scores in predicting long-term cardiovascular mortality in PAOD.
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